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Abstract. At the first stage, the structure of the ZnSe
crystal doped with chromium atoms (ZnCrSe) has been
found by optimization procedure. At the second stage,
the electronic properties of this material have been
evaluated within the two approaches. The exchange-
correlation functionals used here are based on the
generalized gradient approximation (GGA) and the
hybrid functional PBEO. The GGA approach provides
the metallic state for electrons with the spin up, and for
opposite spin orientation the material ZnCrSe bahaves as
semiconductor, with the band gap of 2.48 eV. The hybrid
functional approach also gives a gapless state for a spin
up electron states, and for a spin down it provides the
forbidden gap value of 2.39 eV. The magnetic moment
of the unit cell, found with the two functionals, is the

same and equals to 4 mg(Bohr magnetons). So, the

calculations with the two exchange-correlation
functionals provide the prediction of half-metallic
properties of the ZnCrSe material, which is an
interesting candidate for spintronic applications.
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1. Introduction

Doping of semiconductors 11-VI with transition
metals aims to find materials that can be used in
optoelectronics and spintronics. Recently, studies of
crystal ZnTe doped with Cr, Mn, and Ti atoms have been
performed [1]. In a work [2] the optical properties of the
material CdMnTe were studied, and a work [3] was
devoted to the study of the influence of taking into
account the strong correlations of 3d electrons on the
parameters of the electronic energy spectrum of this
material.

2. Calculation

The calculations have been done within the projector
augmented waves (PAW) approach [4]. This method reveals
the features of the pseudopotential and the all-electron
method of augmented plane waves. The all-electron
y , function is derived from pseudo-wave |y, >one by

means of transformation t , namely:

1Y n(r)>=t|yn(r)>, @)

where operator

[T

is built on the atomic |fia(r) >, pseudoatomic |ﬁa(r) >

t=1+a4(
al

and projector <&bia‘ functions. The equations (1) and (2)

define the basis states PAW. The energy band spectrum e

of the crystal is evaluated from the following system of
equations,

tTHE|Y,) =t [V ey, 3)

where the spectra of the effective Hamiltonian t "Ht and
initial one H are identical. The exchange-correlation
energy functional was taken in the hybrid form [5],
named as the PBEO.

Ei [r1= EGCr1+a(E; Y, ]1- Ex [ry]) . (4)

Xc

This form combines the usual PBE approach [6] and
Hartree-Fock exchange energy (HF). The parameter a is a
mixing coefficient. If a = 0, the PBEO approximation
becomes a usual functional of PBE. The recommended value
of mixing parameter is a = 0.25 [5]. Both values of the o are
used here. The hybrid functional PBEO used with mixing
parameter o # O causes removing the self-interaction error
(SIE), which is very important for transition metal
compounds [3, 7].

The supercell of the material is built on base of the
sphalerite structure. The unit cell contains 3 Zn atoms, 1 Cr
atom and 4 Se atoms. The parameters of a unit cell were
optimized by the Broyden-Fletcher-Goldfarb-Shanno [8]
(BFGS) scheme of the searh of stable structure geometry.

The calculations have been done by means of the
ABINIT code [9].

3. Results and discussion

The spin-polarized electronic energy bands, obtained
without the SIE, are given in Fig. 1. The Fermi level defines
the origin on the energy axis. As can be seen from Fig. 1 the
Fermi level crosses the the dispesion curves in the upper part
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of the valence band. So, the electrons with the spin up move
in a considered material as in a metal.
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Fig. 1. The electronic energy bands in the ZnCrSe
material obtained with a mixing parameter a =0.

In contrast to this, the electrons with the spin
down, as can be seen from Fig. 2, are characterized by
semiconductor energy bands. Here the Fermi level is
situated inside the forbidden gap and is slightly shifted
towards the conduction band.
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Fig. 2. The electronic energy bands in the ZnCrSe
material obtained with a mixing parameter a =0.
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Fig. 3. The partial DOS of Zn in the material ZnCrSe
evaluated with a mixing parameter a = 0.

The partial DOS in Fig. 3 are not symmetric for
electrons with opposite spins. The asymmery is caused
by strongly correlated 3d electrons of Cr atom. The
Fermi level crosses the p levels of the Zn atom.
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Fig. 4. The partial DOS of Cr in the material ZnCrSe
evaluated with a mixing parameter a = 0.

Fig. 4 shows that the main contributions at the Fermi

level make the Cr 3d states.
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Fig. 5. The partial DOS of Se in the material ZnCrSe
evaluated with a mixing parameter a = 0.

The Se atom also is represented at the Fermi level

by its p states. So, the Cr and Se atoms are the main
contributors of electrons at the Fermi level.
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Fig. 6. The total DOS of ZnCrSe material evaluated
with a mixing parameter a = 0.
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The Fig. 6 confirm the half-metallicity of the
material under study, when the mixing parameter a =0,
i.e. the strong correlations of 3d electrons are not taken

into account.
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Fig. 7. The electronic energy bands in the ZnCrSe material

obtained with a mixing parameter a = 0.25.
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Fig. 8. The electronic energy bands in the ZnCrSe
material obtained with a mixing parameter a = 0.25.
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Fig. 9. The partial DOS of Zn in the material ZnCrSe
evaluated with a mixing parameter a = 0.25.

The dispersion curves in Fig. 7 are obtained taking
into account the SIE. They show the metallic properties
of the material for electrons with spin up. In contrast, the
Fermi level in Fig. 8 is located inside the forbidden gap,

confirming the semiconductor nature of the ZnCrSe
material for electrons with spin down.
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Fig. 10. The partial DOS of Cr in the material ZnCrSe
evaluated with a mixing parameter a = 0.25.
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Fig. 11. The partial DOS of Se in the material ZnCrSe
evaluated with a mixing parameter a = 0.25.
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Fig. 12. The total DOS in the material ZnCrSe evaluated
with a mixing parameter a = 0.25.

The Fig. 9 shows that the Zn atoms contribute very
Itlle to the electronic DOS at the Fermi level. The main
contribution to DOS at Fermi level provide the Cr atom,
as can be seen from Fig. 10. The contribution of Se
atoms to DOS (Fig. 11) at the Fermi level is quite
significant, although smaller compared to Cr atoms.
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Summing up, based on the tota DOS shown in Fig. 12,
we conclude that for electrons with spin up the material
ZnCrSe is a metal, and for spin down it exhibits the
properties of a semiconductor.

Such compounds are called semi-metals or half-
metals. In particular, these are Heusler alloys, whose
intensive research has been conducted over the past
decade [10, 11].

4. Conclusion

The structural optimization of the material ZnCrSe
confirms its mechanical stability. The electronic
structure of the compond, obtained by substitution
cr ®2zn, is completely rebuilt, as compared with the
crystal ZnSe. In particular, for the spin up the DOS
diagrams show the high contribution of the 3d Cr
electrons. This would encourage the study of optical
properties of this material.
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CIHIH-ITOJAPU30BAHI EJIEKTPOHHI
TA MAT'HITHI BJIACTUBOCTI
CEJIEHIAY HUHKY, CUWJIBHO

JIETOBAHOI'O XPOMOM

Crenan CHPOTIOK

Ha nepuiomy etami MeTo1oM ontuMizanii 0yJi0 BU3HauYCHO
CTPYKTYpy Kpucrama ZNSe, JeroBaHoro aroMaMu XpoMY
(ZnCrSe). Ha nmpyromy erarmmi eIeKTPOHHI BIACTHBOCTI IbOTO
Marepiaidy Oynu oLiHeHI y Mexax JIBoX migxoniB. OOMiHHO-
KOpeJsLiiiHi (YHKLIiOHAIHM, BBEACHI B PO3PAaXyHKH, IPYHTY-
IOThCSL HA y3arajlbHEHOMY rpaaieHTHoMy HabmmxeHHi (GGA)
Ta riopugHomy ¢yHnkuionani PBEO. IMinxin GGA 3abesneuye
METaJeBUil CTaH M CNeKTPOHIB 31 CIIHOM Bropy, a Juist
MPOTHJICKHOI opieHTamii crina marepian ZnCrSe e HamiBmpo-
BIJIHMKOM i3 IIMPHHOIO 3a0oponeHoi 30uu 2,48 eB. I'iopuanuii
¢ynkuionan PBEO Takox MpUBOAXTE 1O OE3ILIIMHHOTO CTaHy
IUIsL €IIEKTPOHHUX CTaHIB 31 CIIHOM Bropy, a IUIA CHIiHIB YHH3
3HAYCHHS IIMPUHU 3a00pOHEHOI 30HHM mopiBHIOE 2,39 eB.
MarHiTHU#T MOMEHT €JIeMEHTApHOT KOMIpKH, 3HaiacHUH 3
nBoMa (yHKIIOHATaMH, OHAKOBHMIL i fopiBHIoe 4 My (MarHe-

Tonn bBopa). Omke, po3paxyHKH 3 JBOMAa OOMiIHHO-KOpEIS-
milHUMHE  QyHKIIOHATaMHU IependavdaloTh HaliBMETaleBi
BIAaCTHBOCTI MaTepianmy ZNnCrSe, mo poOUTh HOro IiKaBUM
KaHIUIaTOM JIJIsI 3aCTOCYBaHb y CIIHTPOHIIII.
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